This 6-week, randomized, doubleblind, placebo-controlled trial used simultaneous depression and mania criteria to compare a single mood stabilizer, divalproex, with and without adjunctive olanzapine in patients with bipolar I disorder experiencing acute mixed episodes.
This 6-week, randomized, doubleblind, placebo-controlled trial used simultaneous depression and mania criteria to compare a single mood stabilizer, divalproex, with and without adjunctive olanzapine in patients with bipolar I disorder experiencing acute mixed episodes.
Two hundred two adults, aged 18 to 60 years, who met criteria for bipolar disorder with a current mixed episode and had been taking divalproex for ≥ 14 days at levels of 75 to 125 µg/mL with inadequate efficacy (21- Mean (SD) baseline HDRS-21 and YMRS scores were 22.2 (4.5) and 20.9 (4.4), respectively, with 59% female and 51% white subjects. Mean ± SE score changes from baseline across the 6-week treatment period for adjunctive olanzapine (n = 100) versus adjunctive placebo (n = 101) arms, respectively, were −9.37 ± 0.55 versus −7.69 ± 0.54, = .022, on the HDRS-21 and −10.15 ± 0.44 versus −7.68 ± 0.44 < .001, on the YMRS. Mean ± SE score changes from baseline to last observation carried forward for CGI-BP measures were −1.34 ± 0.11 for adjunctive olanzapine versus −1.06 ± 0.11 for adjunctive placebo, = .056. Time to partial response (≥ 25% HDRS-21 and YMRS decreases, median 7 versus 14 days) and time to response (≥ 50% HDRS-21 and YMRS decreases, median 25 versus 49 days) were significantly shorter with adjunctive olanzapine. Increases in weight (total and ≥ 7%) and fasting blood glucose were significantly greater with adjunctive olanzapine.
Adjunctive olanzapine yielded greater and earlier reduction of manic and depressive symptoms in mixed-episode patients with inadequate response to at least 2 weeks of divalproex.
clinicaltrials.gov Identifier: NCT00402324 anic and depressive symptoms are characteristic of mixed episodes in bipolar disorder. Mixed episodes are associated with high-risk events (for example, hospitalization or suicide), longer episode duration, more frequent psychosis, and greater risk of experiencing future mixed episodes. 1, 2 Time to recovery from mixed versus manic episodes tends to be longer, 3 even in first-episode patients. 4 Although current estimates indicate that up to 40% of patients with bipolar I disorder will experience mixed episodes, 5, 6 with a possible higher prevalence in women, 7 no adequately powered clinical trial has reported outcomes in a homogeneous sample of patients with mixed states who are currently on 1 specific mood stabilizer prior to this study. 8 Instead, patients with mixed episodes have either been a subset of those included in studies of heterogeneous (manic and mixed) samples (for example, utilizing divalproex, carbamazepine, olanzapine, aripiprazole, ziprasidone, and risperidone) 1 or have been pooled together in a group taking either 1 or 2 medications plus augmention. 9 However, secondary and pooled analyses support treatment with olanzapine, 10 ziprasidone, 11 and aripiprazole 12 monotherapy. One study demonstrated the efficacy of olanzapine as adjunctive treatment to divalproex or lithium in acute manic or mixed episodes 13 ; the study also identified a trend toward the reduction of depressive symptoms. augmentation study of 202 outpatients who demonstrated inadequate response to divalproex monotherapy. All participants were taking divalproex during the entire study. Coprimary measures of response in manic and depressive symptoms included clinical assessments as early as day 2 of treatment. The study was conducted at 24 centers in the United States, including Puerto Rico, between December 6, 2006, and February 13, 2008 , in participants with bipolar disorder meeting criteria for a current mixed episode.
The design of this study represents a number of improvements over some previous studies of mood stabilizer augmentation with antipsychotics. These include increased divalproex minimum levels of 75 µg/mL rather than 50 µg/mL 9, 13 in order to diminish the issue of patients being on suboptimal doses of divalproex at randomization and augmentation of a single mood stabilizer (divalproex) rather than augmentation of 2 nonrandomized treatments (lithium or divalproex). 9, 13 A patient population of exclusively mixed-state bipolar patients with both depression and mania response criteria, rather than a patient population including manic and mixed states together and earlier clinical assessments at 2 and 4 days' postrandomization, also adds to the uniqueness of this study.
METHOD Patients
For study period I (Figure 1 ), all patients were 18-60 years old and met diagnostic criteria for bipolar disorder with a current mixed episode (with or without psychotic features;
, Fourth Edition, Text Revision [ ] 296.60 to 296.66). 15 Inadequate response to divalproex for at least 14 days, as defined by the 21-item Hamilton Depression Rating Scale (HDRS-21) 16 and Young Mania Rating Scale (YMRS) 17 total scores ≥ 16 at visits 2 and 3, with a blood level of divalproex between 75 to 125 µg/mL, was required for randomization to study period II. This study was reviewed and approved by the institutional review board at each site and was conducted in accordance with the International Conference on Harmonization Good Clinical Practice guidelines. Verbal and written informed consent was obtained from all subjects prior to participation. The study was conducted from December 2006 to February 2008.
Study Design
Divalproex dose adjustments were permitted during study period I in efforts to obtain target blood divalproex levels of 75 to 125 µg/mL. Participants who met study period II entry criteria were randomly assigned 1:1 in a doubleblind fashion to either adjunctive olanzapine therapy (olanzapine + divalproex: olanzapine 15 mg/d initially, followed by flexible dosing of olanzapine 5, 10, 15, or 20 mg/d) or adjunctive placebo (divalproex monotherapy). The level of divalproex was maintained following randomization and throughout the study.
Concomitant benzodiazepine therapy was permitted for ≤ 15 cumulative days or ≤ 5 consecutive days, with a 
Efficacy and Safety Assessments
The primary efficacy endpoint was a between-treatment comparison of the change from baseline across the 6-week treatment period in both the YMRS and the HDRS-21. Secondary endpoints, in the following order, were betweentreatment comparisons of time to partial response in the mixed episode (at least 25% reduction from baseline on both HDRS-21 and YMRS total scores), time to response in the mixed episode (at least 50% reduction from baseline on both HDRS-21 and YMRS total scores), mean change from baseline to endpoint in overall illness severity on the Clinical Global Impressions for Bipolar Disorder (CGI-BP, 18 composite overall rating for CGI-BP), and time to and rates of hospitalization due to mania or depression. Safety and tolerability, as measured by treatment-emergent adverse events and statistically significant changes in laboratory values and vital signs (weight, standing and supine heart rate, and blood pressure), were the remaining secondary measures. Clinical laboratory tests included clinical chemistry, serum and urine pregnancy tests, lipid panel, and divalproex serum level values.
Statistical Analyses
All analyses were conducted on an intent-to-treat basis and were performed using Statistical Application Software (SAS Institute Inc, Cary, North Carolina). Tests were done at a 2-sided significance level of < .05.
Potential between-group differences on the demographic variables and baseline disease characteristics were examined by Fisher exact test for categorical variables and by analysisof-variance (ANOVA) methods for continuous variables with the treatment and investigator in the model. Patients who reported YMRS item scores consistent with psychosis, either a score of 4 ("incoherent; communication impossible") on item 7 (language-thought disorder) or a score of 8 ("delusions; hallucinations") on item 8 (content), were classified as psychotic. Patients with 4 or more total episodes of mania, mixed mania, and depression in the previous year (hypomania not captured) were classified as rapid cyclers.
The primary study objective was assessed using a mixedeffects model repeated-measures (MMRM) analysis with categorical effects of treatment, investigator, duration of treatment, treatment-by-time interaction, continuous baseline score, and baseline score-by-time interaction.
Correlation in repeated measures was modeled with unstructured covariance.
Treatment differences in efficacy measures such as YMRS, HDRS-21, and CGI-BP were also evaluated with analysis of covariance (ANCOVA) methods, which were used on the changes from baseline to last-observationcarried-forward (LOCF) endpoints, with terms for categorical effects of treatment, investigator, and continuous baseline score in the model.
Time to partial response, time to response, and time to study discontinuation were analyzed using the Kaplan-Meier method for between-group differences. Rates of partial response, response, remission, and study discontinuation by treatment group were compared using Fisher exact test.
Numbers needed to treat (NNTs) or numbers needed to harm (NNHs) were calculated using the formula NNT or NNH = 1/ absolute risk reduction (ARR) = 1/(P arm1 -P arm2 ), where represents the event rate in each treatment group. The 95% confidence interval (CI) for NNT or NNH was calculated as 1/[95% CI for ARR], where 95% CI for ARR = (P arm1 -P arm2 )± 1.96
By convention, calculations were structured so that olanzapine augmentation was superior when the NNT or NNH was positive and the placebo augmentation was superior when the NNT or NNH was negative. Treatment-emergent adverse events, serious adverse events, and rates of clinically significant changes in weight (≥ 7%) were evaluated using Fisher exact test.
Changes from baseline to endpoint (using LOCF) in laboratory values were compared between treatment groups with ANOVA for ranks of change with treatment and investigator effects in the model. Change from baseline to endpoint (using LOCF) in weight was compared with ANCOVA with treatment and investigator in the model and also adjusted by the baseline weight. and were defined as a total score reduction from baseline in both YMRS (mania and HDRS-21 (depression) of ≥ 25% and ≥ 50%, respectively, and was defined as a YMRS score ≤ 12 and an HDRS-21 score ≤ 8.
Additionally, the potential impact of serum divalproex concentration on measures of depression and mania was assessed. Using a mean serum divalproex level of ≥ 90 μg/mL as the definition of high serum divalproex concentration for any given patient, we performed MMRM analyses. A higher cutoff concentration would have resulted in too few patients in the high serum divalproex group.
RESULTS
All results reported were specified a priori unless indicated otherwise.
Patient Characteristics
Of the 446 patients who entered the screening and washout study period I, 202 patients met criteria for randomization in study period II (Figure 1 ). Enrolled participants were 59% female, 51% white, 33% African American, and 14% Hispanic, with mean (SD) scores of 22.2 (4.5) on the HDRS-21, 20.9 (4.4) on the YMRS, and 4.3 (0.5) on the CGI-BP. Table 1 provides patient information by treatment arm. Few patients had psychosis, and about a quarter of patients were rapid cyclers. There were no statistically significant differences between treatment arms at randomization.
Patient Disposition
Study completion rates and reasons for discontinuation were similar for both treatment arms (Figure 1) . In study period II, mean (SD) modal daily dose for olanzapine was 14.6 (8.9) mg. Median blood levels of divalproex measured at randomization, day 7, day 24, and day 44 after randomization were generally within the protocol-specified range (75 to 125 μg/mL) during study period II: for the olanzapine + divalproex-treated patients, the levels were 92, 79, 71, and 69 μg/mL, respectively; for divalproex-treated patients, they were 95, 86, 86, and 80 μg/mL, respectively. During study period II, median time to study discontinuation was similar for both study groups (57 days for olanzapine + divalproex-treated patients [discontinuation, n = 43]; 55 days for divalproex-treated patients [discontinuation, n = 41]).
Efficacy Measures
The primary objective of this study was to compare the MMRM mean ± SE total score changes from baseline across the 6-week treatment period for the olanzapine + divalproex treatment group (n = 100) versus the divalproex monotherapy treatment group (n = 101): on the HDRS-21, −9.37 ± 0.55 versus −7.69 ± 0.54, = .022, respectively; on the YMRS, −10.15 ± 0.44 versus −7.68 ± 0.44, < .001, respectively (Figure 2) . The overall treatment effect for both YMRS and HDRS-21 total scores was statistically significant for olanzapine + divalproex treatment versus divalproex monotherapy. Considering the data on a visitby-visit basis beginning with the first week of study period II, significant improvement in mania occurred much more rapidly than significant improvement in depression, and these improvements were sustained for the remainder of the study (Figure 2) . Using LOCF analyses, the mean ± SE changes for patients receiving olanzapine + divalproex treatment versus those receiving divalproex monotherapy were also statistically significant (HDRS-21, −10.59 ± 0.76 versus −8.51 ± 0.75, = .038; YMRS, -11.71 ± 0.7 versus −8.97 ± 0.69, = .004). Significant improvement in mania symptoms in the olanzapine + divalproex treatment arm over the divalproex monotherapy arm was seen at every visit from 2 days after randomization onward, with the exception of the visit at 4 days ( = .214). Depression symptoms were significantly improved in the olanzapine + divalproex treatment arm from day 14 onward (Figure 2) . At visit 10, 32 of 58 olanzapine + divalproex patients (55.2%) and 24 of 61 placebo + divalproex patients (39.3%) achieved at least a 50% reduction from baseline on the HDRS-21 ( = .100). Similarly, at visit 10, 40 of 58 olanzapine + divalproex patients (69.0%) and 30 of 61 placebo + divalproex patients (49.2%) had at least a 50% score reduction from baseline on the YMRS ( = .040). Between-treatment effect sizes 19 were 0.298 for HDRS-21 and 0.423 for YMRS.
Secondary Objectives
The time to partial response and time to response were statistically significantly shorter with olanzapine augmentation versus divalproex monotherapy ( < .001 and = .020, respectively; Figure 3 ). For the olanzapine augmentation versus divalproex monotherapy group, the median time to partial response was 7 days (uncensored n [in other words, number achieving partial response] = 81) versus 14 days (uncensored n = 71), and median time to response was 25 days (uncensored n = 54) versus 49 days (uncensored n = 40). The LOCF mean ± SE change from baseline to endpoint on the CGI-BP was −1.34 ± 0.11 and −1.06 ± 0.11, = .056, for olanzapine + divalproex treatment and divalproex monotherapy, respectively. There was only 1 hospitalization due to mania or depression during the study (patient in adjunctive olanzapine treatment arm).
For olanzapine + divalproex treatment versus divalproex monotherapy at endpoint, partial response rates were 65% versus 47% ( = .011), response rates were 41% versus 28% ( = .054), and remission rates were 31% versus 26%, ( = .437).
Numbers needed to treat were calculated for response and remission at any time during the study or at study endpoint in an a priori-specified analysis. The NNTs (95% CI) observed for response at any time during the study or at endpoint were 7 (4-135) and 8 (4-368), respectively. The NNTs (95% CI) for remission at any time during the study or at endpoint were 14 (−17 to 5) and 20 (−14 to 6), respectively. (CIs that contain both a negative number and a positive number indicate a nonsignificant difference). Hence, NNTs were favorable for the olanzapine + divalproex treatment group. No significant differences were found in manic and depression symptom changes in high versus low serum divalproex groups. There were 22 and 37 patients in the olanzapine + divalproex and placebo + divalproex arms for high serum divalproex, respectively, and 78 and 64 patients in the olanzapine + divalproex and placebo + divalproex arms for low serum divalproex, respectively. Overall least squares mean ± SE changes by divalproex level were Safety Baseline-to-endpoint changes in laboratory values, weight, and body mass index (BMI) were assessed ( Table  2) . Fasting blood glucose, BMI, and weight were significantly increased in the olanzapine augmentation versus the monotherapy group. Changes in cholesterol and total triglycerides levels were similar between treatment groups (Table 2) . Reductions in baseline-to-endpoint total bilirubin levels were statistically greater for the olanzapine + divalproex treatment arm (Table 2) .
Serious adverse events for olanzapine + divalproextreated patients (n = 1 for each event term) were a head injury from a road traffic accident (resulting in death) and an acute hepatic failure. Serious adverse events for divalproex monotherapy-treated patients (n = 1 for each event term) were spontaneous abortion, asthenia, chest pain, hypoesthesia, and overdose. A worsening of current bipolar I disorder mood episode occurred once in each treatment arm. Differences between study arms were not statistically significant. Table 3 shows rates of treatment-emergent adverse events. The rates of baseline-to-endpoint weight increase of at least 7% were 22% and 3% for the olanzapine + divalproex and divalproex monotherapy treatment groups, respectively ( < .001).
While prospectively defined NNHs at any time and at endpoint were calculated for subjects with ≥ 7% weight gain, high fasting glucose (≥ 126 mg/dL), high total cholesterol (≥ 200 mg/dL), high low-density lipoprotein cholesterol (≥ 100 mg/dL), low high-density lipoprotein cholesterol (< 40 mg/dL), and high fasting triglycerides (≥ 150 mg/dL), only the NNH (95% CI) for ≥ 7% weight gain was significantly different for olanzapine + divalproex compared to divalproex monotherapy groups: −6 (−10 to −4) at endpoint and −5 (−7 to −3) at any time postbaseline.
DISCUSSION
To our knowledge, this study represents the first adequately powered clinical trial of combination treatment with an atypical antipsychotic and divalproex in patients with mixed bipolar episodes, including improvement of both depressive and manic symptoms as the primary outcome.
Results of this study show that 6-week olanzapine treatment compared to placebo augmentation of divalproex (in other words, combination treatment versus monotherapy) in patients with inadequate responses to divalproex monotherapy yielded statistically significant improvement in both depressive and manic symptoms, as measured by the mean change from baseline across the 6-week treatment period in HDRS-21 and YMRS scores, respectively. Time to partial response and time to response were also shorter with olanzapine treatment compared to placebo augmentation of divalproex. Also of interest was the very early statistical separation of outcomes in patients with combination treatment compared to monotherapy treatment for relief of manic symptoms (from day 2 onward, with the exception of day 4) but later separation for relief of depressive symptoms (from day 14 onward). However, at LOCF endpoint, there were still substantial proportions of patients whose depressive symptoms had not responded (51% in the olanzapine + divalproex treatment arm versus 62% in the divalproex monotherapy arm, = .156). While these data support more rapid symptom improvement of manic symptoms than depressive symptoms with combination treatment, manic symptom improvement is also more robust (38% nonresponse in the olanzapine + divalproex treatment arm versus 58% in the divalproex monotherapy arm, = .005). The low NNTs calculated for this study at endpoint also support combination treatment in patients with mixed bipolar episodes who have demonstrated inadequate responses to divalproex monotherapy. However, the efficacy benefits of olanzapine augmentation (NNT) need to be considered in relationship to the increased potential risk for weight gain (NNH). The effect sizes calculated between the 2 active treatment groups in our study were similar to the weighted means previously reported in studies of both bipolar mania (0.40 [95% CI, 0.28-0.53]) 20 and depression (0.37 [95% CI, 0.33-0.41]) 21 for active medications versus placebo. The overall study period II outcomes were similar for HDRS-21 and YMRS measures by therapy when patients were divided into high or low serum divalproex levels, suggesting that the efficacy differences noted between treatment groups was independent of divalproex serum levels.
The treatment-emergent adverse event profiles for both study arms were similar to those reported in prior literature.
14 Our results were consistent with another subset analysis of 85 nonresponsive dysphoric mania patients also taking divalproex (or lithium) monotherapy for at least 2 weeks prior to therapy.
14 Although study duration, participant illness (dysphoric mania versus mixed episode), and baseline HDRS-21 and YMRS scores were broadly similar to this study, the lower limit of permissible serum divalproex concentration was slightly lower (50 μg/mL). Baseline-toendpoint (6 weeks) mean HDRS-21 and YMRS scores for the olanzapine + divalproex versus divalproex monotherapy groups were −8.8 and −1.4 ( < .001) versus −11.8 and −4.7 ( < .001), respectively. 14 The mean baseline-to-endpoint increases in fasting blood glucose (+6.9 versus −0.6 mg/dL, = .007; Table 2) and weight (+3.4 versus +0.7 kg, < .001) were greater in the olanzapine + divalproex treatment group versus the divalproex monotherapy treatment group. A similar study found no significant increase in fasting blood glucose levels with olanzapine cotherapy, and it found similar weight gain (+3.08 kg [cotherapy] versus +0.23 kg [monotherapy], < .001). 13 It is unclear whether these increases suggest any pharmacologic synergy between olanzapine and the slightly higher levels of divalproex. However, the presence of a high mean baseline BMI has been associated with less subsequent weight gain and potentially less increase in lipids. 22 The mean (SD) decrease in total bilirubin levels, statistically greater for the olanzapine + divalproex treatment arm (−1.56 [2. 99] μmol/L versus −0.74 [3. 03] μmol/L, = .046), is of unclear significance, although it may suggest that combined therapies did not increase adverse hepatic effects.
These results are consistent with those of a similar study 13 that assessed efficacy of divalproex or lithium monotherapy compared with olanzapine augmentation in acute manic or mixed bipolar episodes; a subset analysis of patients with mixed bipolar episodes who were randomly assigned to olanzapine plus either divalproex (mean blood levels were lower than in the present study: 64 μg/mL [cotherapy] and 75 μg/mL [monotherapy]) or lithium compared to those taking mood stabilizer monotherapy had YMRS score reductions of −12.9 versus −7.5 ( < .001). This advantage for adjunctive olanzapine treatment was also seen in time to mania response. 13 There were several limitations to this study. First, our findings can be generalized only to patients with inadequate responses to divalproex. Second, while the comparison of treatment phase (study period II) of the study was blinded, the open-label phase of divalproex (study period I) may have yielded bias related to investigator and participant speculation regarding treatment group, based on emergent side effects observed during the randomization phase (study period II). Third, results from our outpatient study cannot be extrapolated to hospitalized bipolar I disorder patients or to bipolar II disorder patients with concomitant hypomanic and depressive features ( mixed episodes pertain only to bipolar I disorder).
CONCLUSIONS
Six weeks of olanzapine treatment augmentation was associated with greater and earlier reduction of both manic and depressive symptoms in patients with bipolar mixed episodes already on at least 2 weeks of stable divalproex monotherapy treatment but without adequate response to this monotherapy prior to treatment augmentation. Mean baseline-to-endpoint increases in fasting blood glucose and weight were statistically significantly greater in the olanzapine + divalproex treatment group, but lipid changes were not significantly different between treatment groups.
